Decreased cerebral glucose utilization in rats during the ebb phase of thermal injury.
Thermal injury is associated with the development of encephalopathy. The mechanism(s) for the development of this condition have not been established. In the present study, the effects of thermal injury were determined on rat brain glucose utilization (Rg), using 2-[18F]fluoro-2-deoxy-D-glucose (18FDG). Four types of studies were performed. In one group of rats, the effect of thermal injury on total rat brain glucose utilization (Rg) was determined at 6 hours, 24 hours, and 3 weeks after injury. The brains of thermally injured rats were also assayed for hexokinase and glucose-6-phosphatase activities, since these enzyme activities are responsible for the phosphorylation and dephosphorylation of the 18FDG. We also measured total body oxygen consumption in the thermally injured rats. We wanted to compare the changes produced by thermal injury on rat brain glucose utilization (Rg) with the effects produced by compounds known to modify energy metabolism and/or rat brain glucose utilization (Rg). For that reason, in a second group of rats, an inflammatory state was produced by lipopolysaccharide injection, and rat brain glucose utilization (Rg) was determined. In the third group of rats, overall metabolism in rats was reduced by pentobarbital injection, followed by hypothermia, and rat brain glucose utilization (Rg) was determined. In the fourth group of rats, overall metabolism in rats was stimulated by 2,4-dinitrophenol injection, and rat brain glucose utilization (Rg) was determined. Glucose utilization (Rg) by the brains of these treated rats was determined using 18FDG. Oxygen consumption in vivo, as well as glucose-6-phosphatase and hexokinase activity in vitro, were measured by standard procedures. Glucose utilization (Rg) by rat brain was significantly reduced (p < 0.01) at 6 and 24 hours after injury, but returned to normal values 3 weeks after injury. These reductions were associated with decreases in rat brain hexokinase activity, increases in rat brain glucose-6-phosphatase activity, and decreased oxygen consumption by rats in vivo. Pentobarbital injection followed by hypothermia reduced rat brain glucose utilization (Rg) (p < 0.01), while 2,4-dinitrophenol treatment elevated rat brain glucose utilization (Rg) (p < 0.01). In contrast, LPS treatment had no effect on rat brain glucose utilization (Rg). These data indicate that thermal injury decreases glucose utilization (Rg) in rat brain during the hypometabolic phase. This effect can be explained, at least in part, by alterations in hexokinase and glucose-6-phosphatase activities, as well as reductions in oxygen consumption. Thus, the changes in brain glucose utilization (Rg) appear to be associated with the ebb phase of the thermal injury. The present results observed in burned rats may provide evidence to explain the encephalopathy observed in burned patients.